Introduction
Total hip replacement (THR) is a very successful treatment option for osteoarthritis of the hip in the elderly, but it is uncertain whether this also holds true for younger patients. In the short term, THR shows excellent results; but in the long term, high revision rates have been reported [5, 10] . The beneficial role of intertrochanteric varus or valgus osteotomy in the treatment of hip osteoarthrosis has been recognised since the 1920s [10] . Even today, it is important to delay the need for hip replacement in younger patients [5] . The rationale of hip osteotomies, pelvic or femoral, is to improve the mechanical environment and the joint congruency before the patient is highly symptomatic. Theoretically, most of the beneficial effects of osteotomies are believed to be the result of reduced load and stress on the hip [10, 13, 14] . Additionally, it has been postulated that the damaged cartilage is reparable if the load and stress can be reduced. There have been few reports regarding long-term results of intertrochanteric varus osteotomy for treatment of dysplastic osteoarthritis of the hip [7, 8] . The purpose of this study was to evaluate the long-term results of intertrochanteric varus osteotomy for dysplastic osteoarthritis of the hip.
Material and method
Between 1980 and 1995, 52 hips with dysplastic osteoarthritis underwent an intertrochanteric varus osteotomy. Average patient age was 36.4 (range 20-44) years. There were 48 women and four men. Average body mass index (BMI) preoperatively was 23.5 (range 17. 6-33.6).
Operation technique
In the preoperative planning, all patients had functional radiographs in adduction and abduction. The decision to perform an osteotomy, including which type of osteotomy, was based on radiographic improvement of congruency and containment. All osteotomies were performed using a standard lateral approach [10] . The capsule was opened, and guide wires were inserted into the inferior half of the femoral head, followed by insertion of the chisel through the distal part of the trochanteric bed. The guide was set at the necessary correction angle according to preoperative plan. Femoral osteotomy was performed without removing a wedge of bone. Fixation was performed with an AO 90°b lade-plate. The plate was removed one year after the index operation. In all cases, a varus osteotomy was performed. In 16 cases, an additional extension and derotation was necessary. In one case, an additional periacetabular osteotomy according to Wagner was performed at plate removal. One acetabular bone cyst had to be resected, including synovectomy of the affected hip joint, at plate removal. In seven cases, a shelf acetabuloplasty and in two cases a displacement of the greater trochanter was also performed.
Radiological assessment
The radiographic series of the operated hip for each patient was analysed. The assessments were made at the initial presentation, at 1 year and at latest follow-up. Osteoarthritis was graded according to Tönnis [18] . The centre-edge (CE) angle of Wiberg [20] and collodiaphyseal (CCD) angle were measured. Dysplastic hip dislocation was classified according to Crowe [1] . Preoperative osteoarthritis was Tonnis grade 1 in 19 hips, grade 2 in 28 and grade 3 in 5.
Complications were also documented. Clinical evaluation included score according to Merle d'Aubigné [12] , Harris Hip Score [3] and range of motion.
Results
All patients could be followed up after 17.8 years. Six of 52 patients underwent THR within five years after intertrochanteric osteotomy. In these cases, preoperative osteoarthritis was grade 3 in four cases and grade 2 in one case according to Tönnis. Twenty-five of 52 patients underwent THR after an interval of five to ten years after intertrochanteric osteotomy. In these cases, preoperative osteoarthritis was grade 3 in one case and grade 2 in 24 cases according to Tönnis. Sixteen of 52 patients underwent THR after an interval of ten to 15 years after intertrochanteric osteotomy. In these cases, preoperative osteoarthritis was grade 2 in four cases and grade 1 in 12 cases according to Tönnis. In five patients, the hip was functioning well after more than 15 years. In all these cases, preoperative osteoarthritis was grade 1 according to Tönnis. In 40.4% of cases, THR was delayed more than ten years. The osteotomy performed well at a mean of 9.7 (range three to 21) years after the procedure. Score according to Merle d'Aubigné was 12.6 preoperatively, 14.3 at the one year follow-up, 13.4 at the 5-year follow-up, 13.0 at the 10-year follow-up and 12.9 at the latest follow-up after 17.8 years. Harris Hip Score was comparable, with a mean of 64.3 preoperatively, 77.0 at the one year follow-up, 72.4 at the five year follow-up, 69.4 at the ten year follow-up and 69.2 at the latest follow-up after 17.8 years. Postoperative complications included one superficial and one deep wound infection requiring revision, one nonlethal pulmonary embolism, one delayed bone healing, one pseudarthrosis requiring revision surgery and one heterotopic ossification (HTO) with limited range of motion requiring removal of HTO. Range of motion preoperatively and at each follow-up are presented in Table 1 .
Radiological assessment
Preoperatively, mean CCD angle measured 146°and mean CE angle measured 18°. Postoperatively, mean CCD angle measured 125°and mean CE angle measured 22°. According to the classification of Crowe [1] , 51 hips were I°and one hip II°.
Discussion
Harris reported that once pain and roentgenographic degeneration start in dysplastic hips, they progress rapidly [2] . Femoral osteotomy for osteoarthritis of the hip has been carried out since the 1920-1930s [10] . A recent survey by Haverkamp et al. [4] showed that, even among experts, the use of intertrochanteric osteotomies is declining. The declining role of osteotomies could also be caused by patient preferences. Modern patients mostly desire a quick result, which is easier to obtain with a THR than with an osteotomy. A second patient preference could be that they are no longer satisfied with the good results that can be obtained with an osteotomy but want the excellent results that a THR could probably provide. It is important for the orthopaedic surgeon to inform patients of the long-term effects that this decision could have and to advise osteotomies for patients who could benefit from them [4] . In the short and midterm, THR shows excellent results; but in the long term, high revision rates have been reported. In young patients with high physical demands, jointpreserving procedures are more valuable today than ever, not only as a means to prevent osteoarthrosis but also to treat it by reducing the mechanical overload. Realigning varus or valgus osteotomies of the proximal femur are the most well-established joint-preserving procedures applied [4-11, 14, 15, 19] . The rationale for these procedures is the reduction of stress throughout the cartilage surfaces in a hip that is compromised mechanically [10] . The aim of intertrochanteric osteotomies is to delay THR. THR following proximal femoral osteotomies is possible with good to excellent results. Recently, Suzuki et al. published excellent clinical and radiological mid-term results for cementless THR after previous intertrochanteric valgus osteotomy [17] . As the configuration of the proximal femur may be changed, modular stems may be suitable to deal with the residual deformity and sclerosis in the metaphysial region after previous intertrochanteric valgus osteotomy [17] . Another treatment option in these cases is the use of a cone prosthesis [16] . In our series, THR was delayed more than ten years in 40.4% of patients. Osteotomy performed well at a mean time of 9.7 (range 3-21) years after the procedure. Ito et al. [7] recently published long-term results for intertrochanteric varus osteotomy for dysplastic osteoarthritis of the hip. The cumulative rates of survival were 81% at ten years, 60% at 20 years and 50% at 25 years. Excellent or good clinical results were obtained in 23 hips (42%). Compared with these results, our survival rate was much worse. We emphasise, however, that in our series, there were more cases of osteoarthritis grades 2 and 3 according to Tönnis. We agree with Ito et al., who stated that intertrochanteric osteotomy is worthwhile in cases with grades 0, 1 or 2 osteoarthritis with a good spherical femoral head and mild dysplasia. Osteotomy might not be indicated for patients with grade 3 osteoarthritis or for those with severe acetabular dysplasia. Iwase et al. postulated that acetabular coverage influences the final outcome of intertrochanteric osteotomy [8] . Watillon et al. [19] concluded that osteotomies can provide excellent and lasting results when the indication is correct and the surgical procedure is carried out properly. They recommended a varus osteotomy for coxa valga with subluxation presenting with a dense triangle at the edge of the socket and congruent joint surfaces in abduction, and a valgus osteotomy when the femoral head and the acetabulum are considerably deformed with a dense triangle at the edge of the socket and with the joint surfaces congruent in adduction only.
Conclusion
We conclude that intertrochanteric varus osteotomy for dysplastic osteoarthritis of the hip should be considered in early or mild osteoarthritic changes of the hip. Good prognosis with delay of THR of more than ten years can be expected to exceed 40%, even when indications are less than optimal.
